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(54) Rotation shaft seal 

(57) A rotating shaft seal provided with a seal ele- 
menX (E), arranged between a housing (31) and a rota- 
tion shaft (32), which contacts the rotation shaft (32), 
and a seal member (5) made of rubber having a lip end 
portion (13b), disposed on a fluid storing chamber (33) 
side to the seal element (E), which contacts the rotation 
shaft (32), comprising a supporting metal (12) for sup- 
porting a rear face of the seal member (5) of rubber. 
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Description 

10001] This invention relates to a rotation shaft seal, especially, a rotation shaft seal used for sealing high pressure 
fluid in a compressor for an air conditioner on an automobile. 
5 [0002] As a conventional rotation shaft seal of this kind, a shaft seal as shown in Figure 41 is known. This rotation 
shaft seal is disposed between a housing 31 such as a case of a compressor and a rotation shaft 32 for seaOng fluid or 
gas in a fluid storing chamber 33. 

[0003] In the construction of the shaft seal, a sea! member 35 made of rubber is adhered to an outer case 34, and 
a first seal element 36 and a second seal element 37 nrnde of synthetic resin (such as PTFE) having spiral grooves are 
10 unified with a first inner case 38, a washer 39. a second inner case 40, etc. in the outer case 34 (by caulking). 

[0004] The seal member 35 made of rubber is provided with a lip portion 42 protruding to the fluid storing chamber 
33 side, the lip portion 42 has a concave portion 44 in a peripheral direction on the fluid storing chamber 33 side and a 
lip end portion 41 gradually diminishes in diameter to the fluid storing chamber 33 side, and, a tip of the lip end portion 

41 contacts the rotation shaft 32 as to make a belt contact area to seal. That is to say when the shaft is still, fluid *^ 
15 completely sealed by pressure of the fluid storing chamber 33 and elastic force of the lip end portion 41 itself. 

[0005] And, when tiie rotation shaft 32 rotates, although slight leakage Is generated in a sliding portion of the lip 
end portion 41 and the rotation shaft 32, the leakage is pushed back (to the left side in Figure 41) by hydrodynamic 
effect of the spiral grooves (screw threads) of the first seal element 36 and the second seal element 37. The construc- 
tion can seal the fluid as a whole. 

20 [0006] To describe concretely, as shown in Figure 42A. in the seal member 35 n^de of rubber in a non-attached 
state to the rotation shaft 32 (free state), an interference G is arranged on the lip end portion 41 to form an interference 
portion 46 inner to tiie periphery of the rotation shaft 32. And. as shown in Figure 42B. in the seaJ member 35 attached 
to the rotation shaft 32. tightening force F^^ generated by elasticity of rubber works on a contact portion 43 (with the 
rotation shaft 32) of the lip end portion 41 (the Interference portion 46) to a peripheral face of the rotation shaft 32. And. 

25 as shown in Figure 42C. in the seal member 35 pressurized (by pressure P of the fluid) in a pressurizing state of the 
fluid storing chamber 33. self-sealing force F^g (generated by pressurization) and the tightening force F^^ (working con- 
tinuously) work on tiie contact portion 43. Consequently, total force F ^5 (= F „ + F ^2) works on the contact portion 43 
to the peripheral face of the rotation shaft 32. 

[0007] In the conventional seal described above, in case ttiat tiie pressure in the fluid storing chamber 33 is high, 
30 the lip end portion 41 contacts the rotation shaft 32 with a large area for great deformation (by high pressure working in 
an arrow P direction in Figure 42C), sealability becomes unstable, and sealability of the first seal element 36 is also 
influenced. This causes problems that leakage is generated early, and abrasion of the contact portion of the )ip end por- 
tion 41 with the rotation shaft 32 is large. 

[0008] Further, root of the lip portion 42 has larger pressure receiving area and smaller amount of rubber (in com- 
35 parison with other parts of the lip portion 42) for the concave portion 44. Therefore, fissures on the root of tiie lip portion 

42 and exfoliation of tiie seal memlDer 35 from the outer case 34 are generated because the root of the lip portion 42 is 
greatiy deformed by tiie high pressure and stress is successively generated from the suriiace of the lip portion 42 to tiie 
outer case 34. Furtiier. there is a problem that the contact portion of the lip end portion 41 with the rotation shaft 32 
becomes larger, and lifetime of the seal is shortened. 

40 [0009] Further, in case that cartwn dioxide, having high permeability against rubber and resin, is used as a cooling 
medium. cartDon dioxide permeates the seal member 35 made of rubber, tiie first seal element 36. and the second seal 
element 37 and leaks from the seal. That Is to say, when leakage of the cooling medium is large, the cooling medium 
becomes short eariy, and inconvenience such as reduction of cooling effect for shortage of cooling medium is caused 
thereby. 

45 [0010] It is tiierefore an object of the present invention to provkie a rotation shaft seal used especially under high 
pressure (around 3 to lOMPa. for use of high pressure cooling media such as CO2). vwtii which leakage of the cooling 
medium is resti-icted. deformation of the lip end portion is small, the lip end portion has good durability for prevention of 
^ early abrasion, and sealability is stable with the contact area prevented from being enlarged. 

[001 1] This object is solved according to the present invention by rotation shaft seal including the features of daim 

so 1,2, 5, 6. 7, 8. 9. 12. 15. 16. or 17. Furthermore detailed embodiments are described in the dependent claims 3, 4. 10 
11. 13, 14. 18. 19. 20. 21. and 22. 

[001 2] The present invention will be described with reference to the accompanying drawings in which: 

Rgure 1 is a half front view showing a first prefen-ed embodiment of the present invention; 
55 Rgure 2A is an enlarged cross-sectional view of a principal portion: 
Rgure 2B is an enlarged cross-sectional view of a principal portion; 
Rgure 3 is an enlarged cross-sectional view showing a comparison example; 
Rgure 4 is a half front view showing a modification of the first preferred embodiment; 
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Figure 5 is an enlarged cross-sectional view of a principal portion; 

Rgure 6 is a half front view showing a second preferred embodiment of the present invention; 
Figure 7A is an enlarged cross-sectional view of a principal portion; 
Figure 7B is an enlarged cross-sectional view of a principal portion; 
5 Figure 8 is a half front view showing a modification of the second preferred embodiment; 

Figure 9A is an enlarged cross-sectional view of a principal portion; 
Figure 9B is an enlarged cross-sectional view of a principal portion; 

Figure 10 is a half front view showing another modification of the second preferred embodiment; 

Figure 11 is an enlarged cross-sectional view of a principal portion; 
10 Figure 12A is a cross-sectional view of a principal portion showing a modification of a reinforcing cover metal; 

Figure 12B is a cross-sectional view of a principal portion showing a modification of a reinforcing cover metal; 

Figure 13 is a half front view showing a third preferred emtKXjiment of the present invention; 

Figure 14A is an enlarged cross-sectional view of a principal portion; 

Figure 148 is an enlarged cross-sectional view of a principal portion; 
15 Figure 1 5 is a half front view showing a modification of the third preferred emtxxiiment; 

Figure 16A is a working explanatory view of a principal portion; 

Figure 168 is a working explanatory view of a principal portion; 

Figure 17A is a working explanatory view of a princip^al portion; 

Figure 178 is a working explanatory view of a principal portion; 
20 Figure 1 8 is a half front view showing a modification of the third preferred embodiment; 

Figure 19 is an enlarged cross-sectional view of a principal portion; 

Figure 20A is a cross-sectional view of a principal portion showing another modification of the third preferred 
embodiment; 

Figure 208 is a cross-sectional view of a principal portion showing another modification of the third preferred 
25 ^ emlxxjiment; 

^. Figure 20C is a cross-sectional view of a principal portion showing anotiier modification of the third preferred 
embodiment; 

Figure 20D is a cross-sectional view of a principal portion shewing another modification of the third preferred 
embodiment; 

30 Figure 21 A is a working explanatory view of a principal portion showing still another modification of tiie third pre- 
ferred embodiment; 

Figure 218 is a working explanatory view of a principal portion showing still another modification of the third pre- 
ferred eml)odiment; 

Figure 22A is a working explanatory view of a principal portion; 
35 Figure 228 is a working explanatory view of a principal portion; 

Figure 23A is a cross-sectional view of a principal portion showing a furtiier modification of the third preferred 
emftxxfiment; 

Figure 23B is a cross-sectional view of a principal portion showing a further modification of the third preferred 
emtxxiiment; 

40 Figure 24 is a half front view showing a fourth preferred embodiment of tiie present invention; 
Figure 25A is an enlarged cross-sectional view of a principal portion; 
Figure 25B is an enlarged cross-sectional view of a principal portion; 

Figure 26 is an enlarged cross-sectional view of a principal portion showing a modification of the fourth preferred 
embodiment; 

45 Figure 27A is a working explanatory view of a principal portion; 
Figure 278 is a working explanatory view of a principal portion; 

Figure 28 is a half front view showing another modification of the fourth preferred embodiment; 
Figure 29 is an enlarged cross-sectional view of~a principal portion; 

Figure 30A is a working-explanatory view of a principal portion showing a still another modification of the fourth pre- 
50 ferred emt>odiment; 

Figure 308 is a working-explanatory view of a principal portion showing a still another modification of tiie fourth pre- 
ferred embodiment: 

Figure 31 is a partial cross-sectional side view showing a fifth preferred embodiment of the present invention; 
Figure 32 is a partial cross-sectional side view showing a pre-attachment state; 
55 Figure 33 is a graph showing effect of the seal; 

Figure 34 is a partial cross-sectional side view showing a first modification of the fifth preferred emtxxiiment; 
Figure 35 is a partial break side view showing a second modification of tiie i'tflh prefenred embodiment; 
Figure 36 Is a partial break side view showing a tiiird modification of the fifth preferred embodiment; 
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Figure 37 is a partial cross-sectiona) side view showing a fourth modification of the fifth preferred embodimerif 
Rgure 38 is a partial cross-sectional side view showing a fifth modification of the fifth preferred embodiment- " 
Rgure 39 e a partial cross-sectional side view showing a sixth modification of the fifth preferred embodiment- 
Figure 40 IS a partial cross-sectional side view showing a seventh modification of the fifth preferred embodiment- 
5 Figure 41 is a half front view of a conventional example; « «»ea emoooiment, 

Figure 42A is a working explanatory view of a principal portion of the conventional example- 
Figure 42B is a working explanatory view of a principal portion of the conventional example' and 
Rgure 42C is a working explanatory view of a prindpal portion of the conventional example. 

SawfiJgs. 

^"""l- ^?I!r® ^ ^ ® '"'^ preferred embodiment of a rotation shaft seal relating to the oresent 

invemion Which ,s used for a compressor of air conditioner for automobiles in which a high preS!iS^li?g mSum 
(such as CO2) works on a fluid storing chamber 33 side. j^-essure cooiing meaium 

[001 5] That is to say. this rotation shaft seal is disposed between a housing 31 such as a case of the comoressor 

.^1<°" ^ ^'^^ to -ea' such as high pressure cooling medium 

^! of T°,^*" construction concretely, as shown in Figure 1 . the shaft seal is composed of an outer case 1 
made of metal having inner brim portons2and3.asealmember5made of rubber fixed to and^^^ 
face of a cylinder portion 4 of the outer case 1 and both sides of the inner brim portion 2 by adhesic^ Z^,^^S^ 

^Si 7? ■ ^ r^t^ -s composed of a first seal el ement 7 and a second seal element lhaving spiral grooS 6 
^ S . K i^' ""T^' ^ °^ """^^ composed of a cylindrical cover portion 5a of which pTripheralfaS I 
formed to be undulate (in a free state) to elastically contact an inner peripheral te^ of the housingTl f^ seJ wo^Sa 
a r^o^ri « U^*«Ped covering both sides of the inner brim irlr2 a^^ 

rh:srngr;;'^^3rsr'^^^ 

100181 The lip portion 13 is composed of a short cylinder portion 13a. and a lip end portion 13b which diminishes 
m diameter gradually to the f luti storing chamber side. And. the Hp portion 1 3 of approxinStely uniforr^d^^ tesi 
«>nfiguration t^nt in cross section (as shown in Figure 1). A tip end portion 14 oVSe lip end portion^^SylJn 
tacts the peripheral face of the rotation shaft 32 to seal in an attached (used) state 

S S Se sirmVmhl'^T TT^^V*"^ fluid storing chamber 33 or an inner portion of the inner brii^^ver ^on 
5b of the seal member 5. the short cylinder portion 13a. and a the lip end portion 13b 

rntJ^ ^^io'''^"Il^ ^ '"'^"'■^ ^' "P portion 13b has an inclination angle of 10- to 45 • to an axis 
Lof ti^e rotation shaft 32. and the supporting metal 12. astocorrespondfbthelipend portion 13b has a ^Ve^eiS^o 
face A on its end as to have an inclination angle e of 10» to 45 • t^e axis L receiving 
!!?J1^ ^ Concretely, the supporting metal 12. of which cross section is approximately L-shaped is composed of a flat 
board portion 15 at right angles with the axis L. and a cylinder portion 1 6 of short cylirier of Sh cSteSe a^s L 
An end portion 6a (on the fluid storing chamber 33 skle) of the cylinder portion Ve is bert ti,e SSve Jcli^^ 

angleeatabem portioni7as to diminish in diameter gradually to the end. andaperipheralf^^^ 
forms the former-mentioned slope receiving face A. h « 01 ine ena pomon I6a 

10^2] The bent portion 17 corresponds and tightly fits to the short cylinder portion l3a of theseal memberSand 
a bent inner corner of the lip end portion 13b. And. as shown in Figure 2B. it is prSerable to form ^n Sh^^f i£ 
20 on an end comer portion of the slope receiving face A of the supporting metal 1 2. That is to 4 an ^S^ifer 

rs^f2u:r::%"^:s;^r;-^^^^ 

^ '"'^"'^ ^ ' ^ the seal member 5 of rubber by adhesion etc 

beforehand. The supporting metal 12. the firet seal element 7. the first Inner case 9. the was^eTto J,e sS^'stj 
etemerrtS and tfie second inner casell are serially fitted to the outer case 1 in a straight^telacylk^^^ 
whic^the inner bnm portion 3 is not formed. Then, the inner brim portion 3 is formed ty caSSng aS^^e 

[00241 ■niesupportingmetal12.thefirstinnercase9.thesecondinnercas6l1.thewasher10 and the outer case 

Y Z ? • ^' ""^^ ^ considering cooling medium resistance, made of HNBR of which JIS hardn^ 
IS preferably set to be 87 to 96 (by composrtion of HNBR) to prevent delom«tioo when tine searrS^prSsu? "S 

; [00251 Although sealing function is similario that of the former-described conventional example, the lip end portion 
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13b is received (supported) by the slope receiving face A of the supporting metal 12 from a reverse side (inner side) 
and prevented from being deformed when pressure P works on the lip end portion 13b on the fluid storing chamber 33 
side (as shown in Figure 2), and good sealability of the lip end portion 13b is kept under high pressure. 
[0026] Figure 3 shows a comparison example proposed in conventional oil seals, in which a backup ring 45 is 
5 applied to holding of a lip portion 13 of a seal member 5 of rubber, disclosed by Japanese Utility Model Publication No. 
2-473 1 1 . That is to say, although the backup ring 45 can backup (hold) a short cylinder portion 1 3a of the lip portion 1 3. 
is not useful for prevention of deformation when the lip end portion receives pressure because an end 45a of the backup 
ring 45 is bent for 90** and extremely short. 

[0027] In short, in the present invention, the slope receiving face A of which inclination angle 6of10''^e^45''to 
10 the axis L is formed on the supporting metal 12 to approximately correspond to the inclination angle of the iip end por- 
tion 13b for holding (supporting) the lip end portion 1 3b certainly from the reverse (back) side, and deformation in pres- 
sure reception (refer to marks P) is prevented. The shaft seal demonstrates excellent sealability by keeping the 
inclination angle of the lip end portion 13b to be 10° to 45 

[0028] Next. Figure 4 and Figure 5 show a modification of the first preferred ennbodiment of the present invention. 

IS As clearly shown in comparison with Rgure 1 and Figure 2, the modification is different in following construction. 

[0029] That is to say, the first seal element 7 in Figure 1 is omitted, the seal element E is composed exclusively of 
the second seal element 8, and the supporting metal 12 has a thickness dimension T enough to compensate the lack 
of the first seal element 7. And, the slope receiving face A is an end face of the supporting metal 12 (from which the 
bent portion 1 7 in Figure 1 is omitted) made as to tightly fit to and support the reverse face (back face) side of the lip 

20 portion 13 of the seal member 5. 

[0030] The inclination angle 6 of the slope receiving face A with the axis L of the rotation shaft is set within the range 
of the above-described first preferred embodiment. Explanation of other parts irxiicated with same marks as in the first 
prefenred embodiment is omitted, since they are similarfy constructed as in the first preferred embodiment. 
[0031 ] Next, examples will be described. 

25 [0032] A shaft seal having the construction shown in Figure 1 and Figure 2B (example 1) and a shaft seal having 
the construction shown in Figure 1 and Figure 2A (exarrple 2) were made and tested for sealability under the following 
test condition. 

Test condition : 

30 

[0033] 

(1) Sealed Fluid : (refrigerating machine oil+ CO2) 

(2) Sealing Pressure : 2.45MPa (25kgf/ cm^) 
35 (3) Rotation Speed : 3.74m^ 

(4) Temperature : 60**C 

[0034] The result of the above test is shown in following Table 1 . 

40 

TABLE 1 



RESULT OF THE TEST 




Time of the Leakage (h) 


Operation Time (h) 


Total Amount of Leakage 

(g) 


EXAMPLE 1 




500 


0 


EXAMPLE 2 


415 . 


438 


1.36 


CONVENTIONAL EXAMPLE 


70.5 


120 


1.23 



[0035] The above Table 1 shows that the supporting metal 12 prevents deformation of the lip end portion 13b, 
increase of contact area of the seal with the rotation shaft 32, and. heat and abrasion. And, Table 1 also shows that time 
until the leakage (life time of the seal) is further extended by the R-shaped chamfer 20 as in Figure 28. 
55 [0036] Next, a second prefenred embodiment of the present invention is shown in Figure 6 through Figure 12. As 
clearly shown in comparison with the first preferred embodiment shown in Figure 1 through Figure 5, the second pre- 
ferred embodiment is different in following construction. Explanation of parts indicated with same marks as in the first 
preferred embodiment is omitted, since they are similarly constructed as in the first preferred embodiment. 
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[0037] That is to say, as shown in Figure 6. a reinforcing cover metal 21 is formed unitedly with the inner brim por- 
tion 2 of the outer case 1 . To describe concretely, the supporting metal 12 is disposed between the first seal element 7 
and the seal member 5 of rubber. A part from the inner peripheral face of the lip end portion 13b to a back face of the 
inner brim cover portion (standing portion) 5b (standing in a direction at right angles with the rotation shaft 32) through 
5 the short cylinder portion 13a. is held by the supporting metal 12 of ring, a part from the peripheral face of the lip end 
portion 13b to the peripheral face of the short cylinder portion 13a is covered with the reinforcing cover metal 21 . and 
the lip end portion 1 3b (leaving the tip end portion 1 4) is sandwiched between the supporting metal 1 2 and the reinforc- 
ing cover metal 21. 

[0038] As shown in Figure 6 and Figure 7, tiie lip end portion 13b has an inclination angle of 10"" to 45 to the axis 
70 L of the rotation shaft 32. and. con^esponding to the inclination angle, the supporting metal 12 has the slope receiving 
face A has an inclination angle e of 10** to 45 * to tiie axis L 

[0039] The reinforcing cover metal 21 covering the outer face of the lip end portion 13b, as described at>ove, is 
formed unitedly with the inner brim portion 2 of the outer case made of metal. That is to say. as in Figure 7A and Figure 
7B. the reinforcing cover metal 21 is unitedly attached to the outer face of the lip end portion 13b with adhesion or bak- 
75 ing leaving the tip end portion 14. 

[0040] High pressure P is prevented from working directiy on the whole lip end portion 13b by tiie reinforcing cover 
metal 21. AtkI. high sealability is secured by cooperation of the reinforcing cover metal 21 with the supporting metal 12 
to reduce the deformation of the fip end portion 13b when the pressure in the fluid storing chamber 33 is relatively high 
(3 to lOMPa, for example). 

20 [0041 ] In further concrete description, the reinforcing cover metal 21 does not cover the whole of the lip end portion 
1 3b. an end of the reinforcing cover metal 21 is extended to a position leaving the tip end portion 1 4 of the lip end portion 
13b which linearly contacts the rotation shaft 32. In other words, an exposed portion 13c not covered by the reinforcing 
cover metal 21 is on the peripheral face of the lip end portion 13b closer to the tip end side than the position, the high 
pressure P works directiy only on the exposed portion 13c and appropriate linear contact state is formed (by coopera- 

25 tion with the supporting metal 1 2) between the tip end portion of the lip end portion 13b and the rotation shaft 32 thereby 
to secure the high sealability. 

[0042] The inner p^-ipheral face of a root portion (near a bent portion 17) of the lip end portion 13b having the 
exposed portion 13c on the outer face is supported by the slope receiving face A of the supporting metal 12 as 
described akx>ve. tiie root portion of the lip end portion 1 3b sandwiched between the supporting metal 1 2 and the rein- 
so forcing cover metal 21 is sufficiently reinforced on both of inner and outer sides thereby. Therefore, the whole lip end 
portion 13b is not greatiy deformed when the high pressure P works, area contact state of excessive pressure between 
the lip end portion 13b and the rotation shaft 32 is prevented, and early abrasion of the lip portion 13 is prevented 
thereby. 

[0043] The supporting metal 12, the first inner case 9, the second inner case 11. tiie washer 10. the ranforcing 
35 cover metal 21 . and the outer case 1 are made of metal such as steel. arxJ. the first seal element 7 and the second seal 
element 8 are made of f luororesin such as PTFE, further, the seal member 5 is. considering cooling medium resistance, 
made of HNBR of which JIS hardness is preferably set to be 87 to 96 (by composition of HNBR) to prevent deformation 
when the seal receives pressure. The seal member is greatiy deformed when the JIS hardness is lower than 87, and 
slightly poor in elasticity when the JIS hardness is higher than 96. 
40 [0044] To make tiiisidnd of pressure-resisting rotation shaft seal, as shown in Rgure 6, the supporting metal 12, 
the first seal element 7. the first inner case 9. the washer 10. the second seal element 8, and the second inner case 1 1 
are serially fitted to the outer case 1 unified with the seal member 5 of rubber by adhesion, etc. beforeharKf in a straight 
state (a cylindrical state) in which (the reinforcing cover metal 21 and) the inner brim portion 3 of tiie outer case 1 are 
not formed. And then, the inner brim portion 3 is bent and formed by caulking and the all parts are unified. 
45 [0045] Especially, the unification with the seal member 5 of rubber is made stronger by forming an opening hole 19 
on the inner brim portion 2 of the outer case 1 beforehand. Further, when preliminary formed rufc)ber is formed with the 
inner brim portion 2, inside of the inner brim cover portion 5b (standing portion) is easily filled with the preliminary 
formed rubber through the opening hole 19. 

[0046] Next. Figure 8 and Figure 9A show a modification of the second preferred emtxxliment of the present inven- 
50 tion. In this case, the reinforcing cover metal 21 , covering a part from the peripheral face of the lip end portion 13b to 
the standing portion (the inner brim cover portion) Sb through the perpheral face of the short cylinder portion 13a. is 
formed separately from the outer case 1 . and a part of the seal member 5 is disposed between the reinforcing cover 
metal 21 and the inner brim portion 2 of the outer case 1 . And, in this case, the reinforcing cover metal 21 , in which an 
end portion 21a covering the perpheral face of the lip end portion 13b and the short cylinder portion 13a. and a base 
55 portion 21b covering the standing portion 5b are uniformly formed, has an approximately L-shaped or J-shaped cross 
section. 

[0047] In this case too. the exposed portion 13c not covered with the reinforcing cover metal 21 is formed on the 
peripheral face of the end of the lip end portion 13b; and the tip end portion 14 of the lip portion conresponding to the 
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exposed portion 1 3c becomes linear contact state of appropriate pressure with the rotation shaft 32 as the second pre- 
ferred embodiment. And. as shown in Figure 9B. the R-shaped chamfer 20 is preferably formed on an end corner por- 
tion of the slope receiving face A of the supporting metal 12 to effectively prevent the end corner portion of the 
supporting metal 12 from biting into the lip end portion 13b to cause fissures in the lip end portion 13b as the first pre- 
5 ferred embodiment. 

[0048] Further, Figure 10 and Figure 11 show another modification of the second preferred embodiment of the 
present invention. In this case, the first seal element 7 is omitted, the seal element E is composed exclusively of the 
second seal element 8, and the supporting metal 12 has a thickness dimension T enough to compensate the lack of 
the first seal element 7. And, the slope receiving face A is an end face of the supporting metal 12 (from which the bent 
10 portion 1 7, etc. In Rgure 6 are omitted) made as to tightly fit to and support the reverse face (back face) side of the lip 
portion 13 of the seal member 5. 

[0049] In this case, similar working effect to the embodiment shown In Figure 6 and Figure 7 is obtained. The incli- 
nation angle e of the slope receiving face A with the axis L of the rotation shaft Is set within the range of the embodiment 
shown in Figure 6 and Figure 7. Explanation of same parts indicated with same marks is omitted. And. although not 
75 shown in Figures, the embodiment shown in Figure 10 and Rgure 1 1 may be combined with the emt)odiment shown In 
Figure 8 and Figure 9. 

[0050] And, Figure 12A and Figure 12B show modifications of the reinforcing cover metal 21. In a modification 
shown in Figure 12A, the end portion 21a of the reinforcing cover metal 21 is extended to the tip end portion 14 of the 
lip portion 13. And, in a modification shown in Figure 12B, a tip of the end portion 21a of the reinforcing cover metal 21 
20 is bent to the lip portion 13 side (forming a bent portion 21c). and the bent portion 21c hitches onto tiie tip end face 14a 
of the tip end portion 14 of the lip portion 1 3. By these compositions, exfoliation of the reinforcing cover metal 21 from 
the lip portion 13 is prevented. And, the modifications in Figure 12A and Figure 12B may be combined with the former- 
described preferred embodiments. 

(0051 ] And. the construction members such as tiie outer case, the seal element, the supporting metal, the reinforc- 

25 ing cover metal, etc. are not restricted to the embodiments described above. Each of the above construction members 
may be modified in design or improved corresponding to service condition, etc., and the present inverrtion can be 
applied to any configurations and combinations of the const-uction members as long as the inner peripheral face of the 
lip end portion of tiie sealing member of rubber is held by the supporting metal, tiie peripheral face of the lip end portion 
is covered witii tiie reinforcing cover metal, and tiie lip end portion is reinforced by tiie supporting metal and the rein- 

30 forcing cover metal which sandwich the lip end portion. 

[0052] Next, Figure 13 through Figure 23 show a third prefen-ed embodiment of the rotation shaft seal relating to 
the present invention. As clearly shown in comparison with the above-described first and second preferred embodi- 
ments, the embodiment is different in following construction. Explanation of the members of the same marks is omitted 
because the members are similarly constructed as in the former embodiments. 

35 [0053] As shown in Figure 1 3. a gap portion S is formed between the seal member 5 of rubber and tiie supporting 
metal 12 disposed as to support the back face of the seal member 5 of rubber. To describe concretely, the supporting 
metal 1 2 is disposed between tiie first seal element 7 and the seal member 5 as to partially fit to and hold the lip portion 
13 with the gap portion S on an opposite part to the fluid storing portion of the inner brim cover portion 5b of the seal 
member 5. tiie short cylinder portion 13a, and the lip end portion 13b. 

40 [0054] As shown in Figure 13 and Figure 14, the lip end portion 13b has an inclination angle oflO" to 45 • to the 
axis L of the rotation shaft 32, and. corresponding to tiie inclination angle, the supporting metal 12 has tiie slope receiv- 
ing face A has an inclination angle e of lOMo 45 to the axis L. 

[0055] Concretely, the supporting metal 1 2, of which cross section is approximately L*shaped. is composed of a flat 
tx)ard portion 15 at right angles with the axis L, and a cylinder portion 16 of short cylinder of which center is the axis L. 
45 An end portion 16a (on the fluid storing chamber 33 skJe) of the cylinder portion 16 is bent witii tiie above inclination 
angle e at a bent portion 1 7 as to diminish in diameter gradually to the end, and a peripheral face of the end portion 16a 
forms the former-mentioned slope receiving face A. 

[0056] The bent portion 1 7 tightly fits to an end side to the short cylinder portion 1 3a and a bent inner corner of the 
lip end portion 13b. That is to say, tiie cylinder portion 16 of the supporting portion 12. forming the gap portion S, does 

so not fit to (hold) the short cylinder portion 13a of the lip portion 13 and a part of the lip end portion 13b, while the end 
portion 16a (the slope receiving face A) of the supporting metal 12 fits to (holds) the lip end portion 13b. 
[0057] And. as shown in Figure 14B. it is preferable to form an R-shaped chamfer 20 on an end corner portion of 
the slope receiving face A of the supporting portion 12. That is to say, in pressurizing (operation) state of the fluid storing 
chamber 33 (refer to Figure 13). an end corner portion of the supporting metal 12 is effectively prevented from biting 

55 into ttie lip end portion 13b of the lip portion 13 to cause fissures in tiie lip end portion 13b when high pressure of the 
fluid works. 

[0058] And. as shown in Figure 13, tiie outer case 1 is unified with the seal member 5 of rubber by adhesion, etc. 
beforehand. The supporting metal 12. the first seal element 7, the first inner case 9. the washer 10, tiie second seal 
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element 8. and the second inner case 1 1 are serially fitted to the outer case 1 in a straight state (a cylindrical state) in 
which the inner bnm portion 3 is not formed. Then, the inner brim portion 3 is formed by caulking and the all parts are 
unified. ^ 

[0059] The supporting metal 1 2. the first inner case 9. the second inner case 1 1 , the washer 1 0. and the outer case 
1 are male of metal such as steel. The first seal element 7.and the second seal element 8 are made of fluororesin such 
as PTFE. Further, the seal member 5 is. considering cooling medium resistance, made of HNBR of which J IS hardness 
IS preferably set to be 87 to 96 (by composition of HNBR) to prevent deformation when the seal receives pressure The 
seal member is greatly deformed when the JIS hardness is lower than 87. and slightly poor in elasticity when the JIS 
hardness is higher than 96. 

[00601 And. the seal member 5 of rubber, corresponding to pressure increase of the fluid storing chamber 33 elas- 
tically deforms mainly in a diminishing direction of the short cylinder portion 13a as to get into the gap portion S In the 
third embodiment of the present invention, the lip end portion 13b is drawn in a parting direction from the rotation shaft 
32 by utilizing the elastic deformation. 

[0061] To describe concretely, firstly, as shown in Figure 16A. in the seat merrft»er 5 of rubber in non-attached state 
(free state) to the rotation shaft 32. the gap portion S is disposed between the seal mender 5 of rubber (the lip portion 
13) and the supporting metal 12. and the back face of the lip end portion 13b is held by the slope receiving face A of 
the supporting metal 12. 

[0062] And, as shown in Figure 16B. the short cylinder portion 13a of the lip portion 13 elastically deforms as to get 
into the gap portion S when pressure P (of high-pressure fluid, etc. ) works on the seal member 5 of rubber (the lip por- 
tion 13). That is to say. locomotion force F,, for elastic deformation in the axis L direction of the rotation shaft 32 (refer 
to Figure 13) and pressing force Fy for elastic deformation in vertical direction to the axis L work on the lip portion 13 
[0063] In this case, the lip end portion 13b of the lip portion 13 is drawn in the parting direction from the rotation 
shaft 32 along the slope receiving face A by the locomotion force F^ . That is to say. tensile force F^ works on an end 
corner portion 27 of the lip end portion 13b in the parting direction from the rotation shaft 32. 

[0064] And, when the seal member 5 of rubber is attached to the rotation shaft 32 and the fluid storing chamber 33 
IS not pressunzed. as shown in Figure 17A. the lip portion 13 parts from the slope receiving face A. the gap portion S 
IS enlarged, and the elastically-pushed seal member 5 of rubber (the lip portion 13) linearly contact (the peripheral face 
of) the rotation shaft 32. That is to say. tightening force F3 generated by elasticity of rubber works on a contact portion 
22 (an end corner portion 27) of the lip end portion 13b (with the rotation shaft 32) toward the rotation shaft 32 
[0065] And. as shown in Figure 178. in pressurized (operation) state of the fluid storing chamber 33 self-sealing 
force F4 (generated by the pressurization). (the above-mentioned) tightening force F3. and (the above-mentioned) ten- 
sile force Fi work on the contact portion 22 (the end comer portion 27) of the lip end portion 13b toward tiie rotation 
shaft 32. That IS to say. total force F5 (= F3 + F^ - F^) works on the contact portion 22 (the end corner portion 27) of 
the hp end portion 1 3b toward the rotation shaft 32. 

[0066] Therefore, in comparison with tiie case (in which the gap portion S does not exist in the non-attached state 
to the rotation shaft 32) shown in the conventional example (Figure 41). force working on the rotation shaft 32 
decreases (for the tensile force F^). contact pressure of the contact portion 22 of the lip end portion 1 3b is reduced and 
abrasion is reduced tiiereby. 

[0067] Further, an R portion 18 is formed on tiie root off the lip portion 13 on the liquid storing chamber 33 side to 
lessen tiie elastic deformation of the root of ttie lip portion 13 by increasing pressure in the liquid storing chamber 33 
That IS to say. in comparison with the conventional example (Figure 42). the lip portion has an R-shaped configuration 
instead of the concave portion (44). smaller pressure-receiving area on the fluid storing chamber 33 side, and amount 
of rubber of the root of the lip portion 13 is increased. 

[0068] Therefore, in operation state in which the pressure in tiie fluid storing chamber 33 is increased stress (of the 
pressure) is dispersed, and the elastic deformation of the root off the lip portion 13 is reduced. Fissures on the root of 
the lip portion 13 and exfoliation of the seal member 5 of rubber (the inner brim cover portion 5b) from tiie outer case 1 
(the inner brim portion 2) are hardly generated, and contact pressure of (the contact portion 22 of) ttie lip end portion 
13b is decreased further to reduce abrasion. 

[0069] And. when the pressure P works on the lip end portion 13b. the lip end portion 13b is received (supported) 
by tiie slope receiving fece A of the supporting metal 12 from tiie reverse skJe (an inner side) to prevent defomiation 
and sealability of the lip end portion 1 3b under high pressure can be kept good thereby 

[0070] As described above, in Figure 14. tfie slope receiving face A of which inclination angle 6 of 10<» ^ 6 ^ 450 to 
the axis L is formed on tiie supporting metal 12 to approximately correspond to the inclination angle of the lip end por- 
tion 1 3b for holding (supporting) tiie lip end portion 13b certainly from tiie reverse (back) skle. and deformation in pres- 
sure reception (refer to marks P) is prevented. The shaft seal demonstrates excellent sealability by keeping ttie 
inclination angle of the Iqp end portion 1 3b to be 1 0' to 45^ 

[0071] As the modification of tiie third preferred embodiment shown in Figure 15. ttie backup ring 45 disclosed by 
Japanese Utility Model Publication No. 2^4731 1 proposed in conventional oil seals may be applied to holding off ttie lip 
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portion 13 of the seal member 5 of rubber. That is to say. the end 45a of the backup ring 45 is bent for a right angle of 
90** , and having an extremely short dimension. 

[0072] Next. Figure 18 and Figure 19 show another modification of the third preferred embodiment of the present 
invention. As clearly shown in comparison with Figure 13 and Figure 14. the modification is different in following con- 
5 struction. 

[0073] That Is to say, the first seal element 7 in Figure 13 is omitted, the seal element E is composed exclusively of 
Ihe second seal element 8, and the supporting metal 12 has a thickness dimension T enough to compensate the lack 
of the first seal element 7. And. the slope receiving face A is an end face of the supporting metal 12 (from which the 
bent portion 17 in Figure 13 is omitted) made as to tightly fit to and sipport the reverse face (back fece) side of the lip 

10 portion 1 3 of the seal member 5. 

[0074] The inclination angle e of the slope receiving face A with the axis L of the rotation shaft is set within the range 
of the above-described first preferred embodiment. Explanation of other parts indicated with same marks as in the third 
preferred embodiment Is omitted, since they are similarly constructed as In the third preferred embodiment. 
[0075] Next. Figure 20 shows other nKxIlfications of the third preferred embodiment of the present invention. As 

15 clearly shown in comparison with Figure 13, the modification shown in Figure 20A is different In following construction. 
[0076] That is to say. the end face 2a of the inner brim portion 2 of the outer case 1 is positioned on a peripheral 
side (an outer side in diameter of the rotation shaft 32) to the peripheral face 23 of the short cylinder portion 13a of the 
lip portion 13. and the seal member 5 of rubber (the lip portion 13 and tiie Inner brim cover portion 5b) is formed as to 
easily deforms in the axis L direction of the rotation shaft 32 (refer to Figure 13) thereby. Therefore, the seal member 5 

20 of rubber elastically deforms In the axis L direction of the rotation shaft 32 along the pressure Increase of the fluid stor- 
ing chamber 33, and the lip end portion 13b is drawn in the parting direction from the rotation shaft 32. 
[0077] And, the modification shown in Figure 20B. as clearly shown in comparison with Figure 13. is different in fol- 
lowing construction. That is to say. In unpressurlzed state of the fluid storing chamber 33. the gap portion S is disposed 
between the inner brim cover portion 5b of the seal member 5 of rubber and the flat board portion 15 of the supporting 

25 metal 1 2. and the seal member 5 of rubber (the lip portion 13 and the inner brim cover portion 5b) Is formed.as to easily 
deforms in the axis L direction of tiie rotation shaft 32 (refer to Figure 13) thereby. Therefore, the gap portion S is dis- 
posed between the seal member 5 of rubber and tiie supporting metal 12 for hoWing tiie back face of tiie seal member 
5 of rubber, and the seal member 5 of rubber elastically deforms accompanied with the pressure increase of tiie f luki 
storing chamt>er 33 to get into the gap portion S. and tiie lip end portion 13b Is drawn in the parting direction from the 

30 rotation shaft 32. And. plural protruding portions 24 may be disposed between the Inner brim cover portion 5b and the 
flat board portion 15 to form the gap portion between the inner brim cover portion 5b and the flat board portion 15. 
[0078] Further, the modification shown in Figure 20C. as clearly shown in comparison with Figure 1 3. is different in 
following construction. That Is to say. In unpressurlzed state of tiie fluid storing channber 33. a connecting portion 26 of 
the flat lx>ard portion 15 (of the supporting metal 12) and tiie cylinder portion 16 facing a oonnecting portion 25 of the 

35 inner brim cover portion 5b (of the seal member 5) and tiie lip portion 1 3 (the short cylinder portion 1 3a) is bent opposite 
to the fluid storing chamber 33 side to make the gap portion S between the connecting portion 25 (of the seal member 
5) arKi the connecting portion 26 (of the supporting metal 12). and the seal member 5 of rubber (the lip portion 13) is 
formed as to easily deforms in the axis L direction of the rotation shaft 32 (refer to Figure 13) thereby. Therefore, the 
gap portion S is disposed between tiie seal member 5 of rubber and the supporting metal 12 for holding the back face 

40 Of the seal member 5 of rubber, and tiie seal member 5 of rubber elastically deforms accompanied with the pressure 
increase of the fluid storing chamber 33 to get Into the gap portion S to give force to the lip end portion 1 3b in the parting 
direction from the rotation shaft 32. 

[0079] And. the modification shown In Figure 20D. as clearly shown In comparison with Figure 13. is different in fol- 
lowing construction. That is to say. In unpressurlzed state of tiie fluid storing chamber 33, the short cylinder portion 13a 

45 (tiie connecting portion 25 of the inner brim cover portion 5b and the lip portion 13) is parted from the cylinder portion 
16 as the short cylinder portion 13a of the seal member 5 of rutDber and the cylinder portion 16 of the supporting metal 
12 do not contact each other, and the seal member 5 of rubber (tiie lip portion 13) is formed as to easily deforms in tiie 
axis L direction of tiie rotation shaft 32 (refer to Rgure 13) tiiereby Therefore, the gap portion S is disposed between 
the seal member 5 of rubber arKi the supporting metal 1 2 for holding the back face of the seal member 5 of rubber, and 

50 the seal member 5 of rubber elastically deforms accompanied with the pressure increase of the fluid storing chamber 
33 to get into the gap portion S as force, which draws the lip end portion 13b In tiie parting direction from tiie rotation 
shaft 32. works. 

[0080] And. in an unpressurlzed state of the fluid storing chamber 33 (as shown in Figure 20A through Rgure 20C). 
if the short cylinder portion 13a of the seal member 5 contacts the cylinder portion 16 of the supporting metal 12, the 
55 cylinder portion 16 or a contact portion (tiie connecting portion 25 of the inner brim cover portion 5b and the lip portion 
1 3) may be treated with low friction resin coating to reduce the f rictional force, and the seal member 5 of rubber (the lip 
portion 13 and the inner brim cover portion 5b) is formed as to easily deforms in the axis L direction of the rotation shaft 
32 (refer to Figure 13) thereby 
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[0081J And. these (individual) constructions shown in Figure 20A throuah Fiaure 2on max, ho nr.rr.w.r.^ • 

the lip end ^^^,^3^ ^l^^ F , ) worKs on contact portion 22 («,e end corner portion 27, of 
Figure 20B throuah Fiaure ?nn supportng metal 12. and the indivdual constructions shown in 



Figure 20B through Figure 20D are combined 
45 [0091] 
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portion 13) is formed as to easily deforms in the axis L direction of the rotation shaft 32 (refer to Figure 13) thereby. 
[0093] And, in an unpressurized state of the fluid storing chamber 33 (as shown in Figure 23 A and Figure 23B), a 
contact face of the short cylinder portion 13 of the sea! member 5 and the cylinder portion 16 of the supporting metal 
12 may be treated with low friction resin coating to reduce the frictional force, and the seal member 5 of rubber (the lip 
5 portion 1 3 and the Inner brim cover portion 5b) is formed as to easily deforms In the axis L direction of the rotation shaft 
32 (refer to Figure 13) thereby 

[0094] And naturally, these (individual) constructions shown in Figure 23A and Figure 23B may be combined in var- 
ious methods, and the seal member 5 of rubber (the lip portion 13 and the inner brim cover portion 5b) may be formed 
as to easily deform, accompanied with the pressure Increase of the fluid storing chamber 33. in the axis L direction of 

10 the rotation shaft 32 (refer to Figure 1 3) thereby. 

[0095] And, although not shown in Figures, the seal member may be formed as to have the end corner portion 27 
which linearly contacts or slightly part from the rotation shaft 32 without interference in the unpressurized state, and 
contacts the rotation shaft 32 in the pressurized state. And. the tightening force F3 (refer to Figure 1 7) does not work on 
the contact portion 22 of the lip end portion 13b (the end corner portion 27) when the seal is attached to the rotation 

15 Shaft 32. Therefore, abrasion is reduced further in comparison with the conventional example (In Figure 41) because 
contact pressure of the lip end portion 1 3b onto the surface of the rotation shaft 32 Is decreased by synergistic effect of 
that interference does not exist, and the seal has the gap portion S. 

[0096] Next. Figure 24 through Figure 30 show a fourth preferred embodiment of the present invention. As clearly 
shown In comparison with the first through third preferred embodiments described above, the fourth preferred embodi- 

20 ment is different in following construction. Explanation of parts indicated with same marks as In the former preferred 
embodiments is omitted, since they are similarly constructed as in the former preferred embodiments. 
[0097] That is to say, as shown in Figure 24. configuration and dimensions of the end corner portion 27 of the lip 
end portion 13b are set as the end corner portion 27 linearly contacts without interference or slightly parts from (the 
peripheral face of) the rotation shaft 32 In unpressurized state. The interference is equivalent to the mark Q of the con- 

25 ventional example in Figure 42, "without interference" means G = 0. and "slightly part from" means G < 0. 

[0098] And. the supporting metal 1 2 is disposed between the first seal element 7 and the seal member 5 as to fit to 
and support an opposite side to the fluid storing chamber or inner portion of the inner brim cover portion 5b of the seal 
member 5, the short cylinder portion 13a. and the lip end portion 13b. 

[0099] As shown in Figure 24 and Rgure 25, the lip end portion 13b has an inclination angle of lO"" to 45 to an 
30 axis L of the rotation shaft 32. and the supporting metal 12, as to conrespond to the lip end portion 13b. has a slope 
receiving face A on its end as to have an inclination angle 9 of 10* to 45 ° to the axis L. 

[0100] Concretely, tiie supporting metal 1 2. of which cross section is approximately L-shaped. is composed of a flat 
board portion 15 at right angles with the axis U and a cylinder portion 16 of short cylinder of which center is the axis L. 
An end portion 16a (on the fluid storing chamber 33 side) of the cylinder portion 16 is bent with tine above inclination 
35 angle 8 at a bent portion 1 7 as to diminish in diameter gradually to the end. and a peripheral face of the end portion 16a 
forms the former-mentioned slope receiving face A. 

[0101] The bent portion 17 corresponds and tightly fits to tiie short cylinder portion 13a of the seal member 5 and 
a bent Inner corner of the lip end portion 13b. And. as shown in Figure 25B. it is preferable to form an R-shaped chamfer 
20 on an end corner portion of the slope receiving face A of tiie supporting metal 12. That is to say. an end comer por- 
40 tion of the supporting metal 12 is effectively prevented from biting into the lip end portion 13b of the lip portion 13 to 
cause fissures in the Hp end portion 13b. 

[0102] And. as shown in Figure 24. the outer case 1 is unified with the seal member 5 of rubber by adhesion, etc. 
beforehand. The supporting metal 12. the first seal element 7. the first Inner case 9. the washer 10, the second seal 
element 8, and tiie second inner case 1 1 are serially fitted to the outer case 1 In a straight state (a cylindrical state) in 
45 which the inner brim portion 3 Is not formed. Then, the inner brim portion 3 is formed by caulking and the all parts are 
unified. 

[01 03] The supporting metal 1 2. the first inner case 9, the second inner case 1 1 . tiie washer 1 0, and the outer case 
1 are made of metal such as steel. The first seal element 7 and the second seal element 8 are made of fluororesin such 
as PTFE. Further, the seal member 5 is. considering cooling medium resistance, made of HNBR of which JIS hardness 
50 is preferably set to be 87 to 96 (by composition of HNBR) to prevent deformation when the seal receives pressure. The 
seal member is greatly deformed when the JIS hardness is lower than 87, and slightiy poor in elasticity when the JIS 
hardness is higher than 96. 

[01 04] And, to describe sealing function, as shown in Figure 27 A. in attached state before the fluid storing chamber 
is pressurized, the end corner portion 27 which linearly contacts or slightly part from tiie peripheral face of tiie rotation 
55 shaft 32 witfiout interference. And as shown in Rgure 278, self-sealing force F4 works on the end corner portion 27 to 
the peripheral face of the rotation shaft 32 by pressure P working on the lip portion 13 in the pressurized state of tiie 
fluid storing chamber 33, and tiie end corner portion 27 linearly contacts the rotation shaft 32 thereby. And. the tighten- 
ing force (F11) is not generated (or micro, if generated) onto the peripheral face of the rotation shaft 32 because tiie 
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example (in Figure 42) for the^ ?orSrF°i) " °' converrtbnal 
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shown in comparison with the first through the fourth prefenred enibodiments, the fifth preferred embodiment is different 
in following construction. Explanation of the parts indicated with same marks as In the former preferred embodiments 
is omitted, since they are similarly constructed as in the former preferred embodiments. 

[0120] That is to say, as shown in Figure 31 . a gas shielding member 51 . which shields cooling medium gas (CO2) 
5 permeating seal portions 53 comprising the seal element E and the seal member 5 of rubber, is attached instead of the 
supporting metal 12. And, in Figure 31 . the seal element E is composed of only one seal element 7. 
[0121] To describe concretely, a circular metal thin plate 54 as the gas shielding member 51 is disposed between 
neighboring two seal portions 53 (the (first) seal element 7 and the seal member 5 of rubber) except a sliding portion 

52 which slides on the rotation shaft 32. The metal thin plate 54 tightly fit to the inner peripheral face of the seal member 
10 5 almost entirely except only the sliding portion 52 of the lip end portion 13b. That Is to say. the metal thin plate 54 is 

preliminary formed as to tightly fit to the inner peripheral face of the lip portion 13 in a free state before the seal is 
attached shown in Figure 32. and an end portion of the metal thin plate 54 pushes the lip portion 13 to the periphery 
side with slight force as the lip portion 13 is raised a little. Therefore, the metal thin plate 54 is kept tightly fitting to the 
inner peripheral face of the lip portion 13 in the state in which the seal is attached to the rotation shaft 32. The metal 
IS thin plate 54 is held between the both seal portions 53 by force of the both seal portions 53 (the (first) seal element 7 
and the seal member 5 of rubber) pushing each other. And. the metal thin plate 54 is also for supporting the seal portion 

53 (the seal member 5 of rubber). And, the metal thin plate 54 may be attached to the seal portion 53 (the seal member 
5 of rubber) with adhesive. 

[0122] Carbon dioxide, used as the cooling medium In the compressor, has considerably high permeability against 

20 rubber and resin, material for the seal portion 53. For this, the metal thin plate 54 blocks up a passage of the cooling 
medium gas permeable to rubber and resin (including passages of gas permeation through the seal portions 53) almost 
entirely as to shield between an inner side arKl an atmosphere (outer) side of a housing 31 . That is to say. the cooling 
medium gas in the housing 31 Is mostly shielded by the metal thin plate 54 to enhance sealing characteristics of the 
seal. The metal thin plate 54 is flexible as not to spoil the elasticity of the seal portion 53 (the seal member 5 of rubber). 

25 and able to deform along the seal portion 53 (the seal member 5 of rubber) keeping the fitting. 

[0123] The metal thin plate 54 is different from the supporting metal 12 made of metal in fitting and holding ability 
to the seal portion 53 (the seal member 5 of rubber) which is caused by difference of thickness. In the attached state of 
the seal, the metal tiiln plate 54 can deform elastically along the seal portion 53 (the seal member 5 of rubber) keeping 
the fitting because the plate 54 is thin, while the relatively thick and rigid supporting metal 12, unable to deform elasti- 

30 cally along tiie seal portion 53 keeping the fitting to the seal portion 53. parts from the seal portion 53. 

[01 24] The thickness of the metal thin plate 54 is. for example, around 0. 1 mm to 0.5mm. For this thinness, the metal 
thin plate 54 can push and fit to the seal member 5 of rubber with a very slight force, deform elastically along the elastic 
deformation of the seal member 5 of rLd3ber which contacts the peripheral fece of the rotation shaft 32, and the fitting 
state of the metal thin plate 54 and tiie seal member 5. The thickness of the metal thin plate 54 may be set to be other 

35 values witinin a range in which tiie above characteristics (the fitting and holding ability) is obtained. AKhough the values 
are influenced by metals used for the metal thin plate 54, a certain effect is expected with a thickness less than 0.6mm. 
Especially, a considerable effect is expected witii a tiiickness less than 0.4mm, and a remarkable effect is expected witii 
a tiiickness less than 0.2mm. The thickness is by no means restricted to these values. 

[0125] The material of the metal thin plate 54 is. for example, iron in tiie present embodiment, while stainless steel 
40 and aluminum may be used. As other metals, general metals used industrially and generally such as copper, nickel, 
zinc. lead. tin. etc. may be widely used. 

[0126] The rotation shaft seal of the present embodiment provided witii tiie metal thin plate 54 was conrpared with 
anottier comparison shaft seal not provided with the metal thin plate 54 in gas-leakage restricting effect, and the result 
shown in a graph of Figure 33 was obtained. CartK>n dioxide was used as the cooling medium, and amount of leakage 
45 of the cooling medium gas from a position between tiie rotation shaft 32 and the housing 31 was measured on the com- 
pressor of each of the seal. As shown in the graph of Figure 33, amount of gas leakage of the seal of the present 
embodiment is reduced to 1/20 of that of tiie comparison shaft seal. 
[0127] Therefore, according to the present embodiment, following effects are obtained. 

so (1) Leakage of the cooling medium gas Is regulated to be very small when the cooling medium is carbon dioxide 
having high permeation against rubber and resin, namely material of the seal portions 53. because tiie metal thin 
plate 54 tightiy fits to the surface of the seal portion 53 (the seal member 5 of rubber) as to shield tiie passage of 
the gas (attachment area of tfie seal) almost entirely Therefore, early shortage of tiie cooling medium in the com- 
pressor and reduction of cooling effect by the shortage of the cooling medium are prevented. 

ss (2) The passage of the gas is more widely blocked to enhance the sealability because the metal thin plate 54 fits to 
the seal portion 53 (the seal member 5 of rubber) covering a large area to tiie end portion of the lip portion 13 
except tiie sliding portion 52. And, if the seal portion 53 (the seal member 5 of rubber) parts from the metal tiiin 
plate 54 on its middle portion, leakage of cartxm dioxkie Is not generated because the metal tiiin plate 54 fits to the 
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seal portion 53 (the seal member 5 of rubber) even near the end portion. 

(3) Gaps between the metal thin plate 54 and the seal portion 53 (the seal mpmhi^r nf „ .hk^a i . . 
erate and the passage of qas leakaae is binrkpH thlm^*.! "^^^^r 5 of rubber) are limited to gen- 

(5) In rase that the metal thin plate 54 is attached to the surface of the seal Mrtinn'Mfth-.o^o. u . . 

of the rotation shaft Jalni "'^^^ 

Therefore, according to the first modification, following effect is obtained 

MMimJi. mm^tlio£^^,^^i^^^S^ZS:J^!^ for Ihe sa™ pu^se In the fom», 

n>eMs.w«whk«a»nem«irfcirBfBlSlS^ir2^^^ ev^onfilmfe made, omer 

f7) \S™7;f S^""*"^ '° the second and third modifications. foHowing effect is obtained 

spoiled for the metal f ilrnio ot^i^flSi^ S^tSn^; Iff °! ^^""^ ''^"'^ 



r^'Lfori^^crr^ircSn^rhi^^^^^^ 

portions 53. For ^ample.^ shS^ in F^ur^S^^e mttelTl^ t T '^"^^ *° *^ *«> 

seal member 5 of rubJer And. S^l^^F^rX^Z^^^ *° P^'^^^' ^^^^^ 

of the (first) seal element 7 (of r2n) ^o S^^f^^^ ^'^^'^ *° P^^^Pheral face 

ability against rubber and rtin^^al t^S^-^^ highperme- 
housing 31 is shielded S S mS^S S^S* W to fte iSSS 
these.por«onS3.^.these...o„£tS;j^X^^^^^^^ 
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53 in Figure 38. 

[0129] And. as shown in Figure 39, the metal film 60 covering the inner peripheral face of the seal portion 53 (the 
seal member 5 of rubber) may be used instead of the metal thin plate 54 shown in Figure 31 . According to this construc- 
tion, carbon dioxide as the cooling medium gas in the housing 31 is mostly shielded by the metal film 60. and leakage 
5 of the cooling medium gas is certainly limited to be small. Further, sealability at the sliding portion 52 is not spoiled 
because the elasticity (flexibility) of the lip end portion 1 3b of the lip portion 1 3 is not spoiled. Arxl, the metal film 60 may 
be used instead of the metal thin plate 54 in Figure 37 and Figure 38. 

[0130] And, the seal portion 53, covered with the gas shielding member 51 such as the metal thin plate 54 and the 
metal film 60, is not restricted to one construction as in the former emtxxJiments. For example, surfaces of each of the 

10 two seal portions 53 may be covered with the gas shielding member 51 . As shown in Figure 40, for example, the metal 
thin plate 54 is fitted to the inner peripheral face of the seal member 5 as the metal thin plate 54 works also as the sup- 
porting metal 12. and the metal film 60 is formed on inner peripheral face of the (first) seal element 7. The both of the 
gas shielding members 51 may be the metal thin plate 54 or the metal film 60. And. the gas shielding member 51 may 
be disposed on both sides of all of the seal portions 53 to multi-shield the gas. 

75 [01 31 ] And, the metal thin plate 54 and the metal film 60 are not restricted to fitting to the surface of the seal portion 
53. For example, the metal thin plate 54 may be embedded in the seal portion 53. A seal portion 53 in which metal foil 
such as aluminum foil (or sheet metal) is laminated is applicable. According to this construction, long-term reliability is 
secured because the metal foil is extendable to the whole of the seal portion 53 in radial direction, and not worn out like 
the metal foil 60 exposed on the surface. And. the metal foil does not spoil the elasticity of the seal portion 53 and the 

20 sealability at the sliding portion of the seal portion 53. 

[0132] And, material of the gas shielding member 51 is not restricted to metals. Any other materials, which can 
block the gas having high permeability against the seal portion 53 of rubber or resin such as carbon dioxide and ammo- 
nium, may be used. For example, ceramic may be used. In this case, it is preferable to form a ceramic film. 
[01 33] And, type of the rotation shaft seal is not restricted to the above preferred embodiments, the seal element E 

25 may be composed of two seal elements made of resin, and combined with a seal element made of rubber. In this case, 
the gas shielding memb# 51 (the metal thin plate 54 or the metal film 60) may be fitted to any of the three seal ele- 
'ments. 

[0134] And. the rotation shaft seal may be applied to apparatuses other than a compressor. 

[0135] In the present invention, not restricted to the above-described preferred embodiments, some of the individ- 

30 ual constructions in the first tiirough the fifth prefen-ed emt>odiments may be combined in various ways. 

[0136] According to tiie rotation shaft seal of the present invention, excellent sealability and durability are demon- 
strated because tiie supporting metal 12 tightiy fits to and certainly supports tiie back face of the seal member 5 of rub- 
ber to prevent the seal member 5 of rubber from being deformed in pressure reception, and. the slope receiving face A 
tightiy fits to and certainly holds the fc>ack face of the lip end portion 13b to prevent the Ip end portion 13b from being 

35 deformed in pressure reception. 

[0137] Especially, the contact area with which the end of the lip end portion 13b slides on the rotation shaft 32 is 
prevented from increase, heat and abrasion are prevented, and life of the seal is extended. 

[01 38] And, for the high hardness of rubber, sealing ability and durability are made better by synergistk; effect with 
the supporting metal 12. 

40 [0139] Further, tiie end corner portion of the supporting metal 12 is prevented effectively from biting into tiie back 
face of the lip nd portion 13b to cause fissures, and life of the seal member 5 is extended thereby 
[0140] And. according to the rotation shaft seal of the present invention, deformation of the lip end portion 13b is 
reduced especially under high pressure, because the lip end portion 13b is reinforced by tiie supporting metal 12 and 
the reinforcing cover metal 21 , the tip end portion 1 4 linearly contact the rotation shaft 32 to secure high sealability. and 

45 abrasion of the lip portion is reduced to improve durability. 

[0141] And, in operation state in which pressure in the fluid storing chamber 33 is increased, tiie contact pressure 
of the lip end portion 13b to the rotation shaft 32 is decreased to reduce abrasion of the lip end portion 13b. 
[0142] Especially, the contact pressure with which the end of the lip end portion 13b slides on the rotation shaft 32 
is prevented from increase, heat and abrasion are prevented, and life of tiie seal is extended. 

50 [0143] And. in operation state in which pressure in the fluid storing chamber 33 is increased, the seal has excellent 
durability with which fissures on the root of the lip portion 13 and exfoliation (of adherence) of the seal member 5 of rub- 
ber (the inner brim cover portion 5b) from tiie outer case 1 (the inner brim portion 2) are hardly generated. 
[0144] And. the contact pressure of the lip end portion 13b to the rotation shaft 32 is decreased furtiier to reduce 
the abrasion of the lip end portion 13b. 

55 [0145] And, according to tiie rotation shaft seal of the present inverrtion. the force working on the rotation shaft 32 
in the pressurized state of the fluid storing chamber 33 becomes small and abrasion of the lip end portion 13b is 
reduced because tightening force is not generated (or slightiy generated) when tiie seal is attached to the rotation shaft 
32 (in unpressurized state). 
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[0146] Especially, the contact area with which the lip end portion 13b slides on the rotation shaft 32 is prevented 
froni increase heat and abrasion are prevented, and life of the seal is extended. And this is preferable for an operational 
condition in which the pressure in the fluid storing chamber 33 is always positive. 

^«»'^'"9 to ♦^'e '^o'at'O" shaft seal of the present invention, high scalability against gas highly oer- 
meative through the material of the seal portion 53 is obtained because the gas is mostly shielded by the gas shieldina 
member 51 fitting to at least one seal member 53 almost entirely in radial direction 

[0148] And gas leakage is reduced by blocking the passage of gas with two seal portions 53 sandwiching the gas 
shielding member 51 to restrict the gap. a ' «» sjas 

... " "eedless to treat the seal portion 53 with laborious treatment such as film forming because the 

gas shielding member 51 is a metal plate (the metal thin plate 54). and the configuration of the seal merrtjer 53 is keot 
by holding the seal portion 53. c v« » ivnji 

[0150] And. according to the rotation shaft seal of the present invention, the elasticity (flexibility) of the seal portion 
53 IS hardly spoiled because the gas shielding member 51 of which material is metal, ceramic, etc. is a shielding film 
covenng the se^ portion 53. and sealability of the seal portion 53 to the peripheral face of the rotation shaft 32 the 
15 sliding portons 52 and 59 is secured. 

!S1®-^L K 'l'«'^**^«'y «3=y ^ ^^e tilm technically and high restricting ability against the gas permeation is 
obtained because th^ shielding film is the metal film 60. 

*® to freat the seal portion 53 with laborious treatment such as film forming because the 

gas shielding member 51 is the supporting member 12. and the configuration of the seal portion 53 is kept by holdina 
so the seal portion 53. k •*/ ••w«iiia 

[0163] WhHe prefen-ed embodiments of the present invention have been described in this specification it is to be 
underfed that the invention is illustrative and not restrictive, because various changes are possible within the spirit 
and indispensable features. 

25 Claims 

1. A rotation shaft seal provided with a seat element (E). which contacts a rotation shaft (32). disposed between a 
housing (31) and the rotation shaft (32). and a seal member (5) of rubber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and disposed on a fluid storing chamber (33) side to the seal element (E) comprisina 
a supporting metal (1 2) for supporting a back face of the seal mentier (5) of rubber. 

A rotation shaft seal provided with a seal element (E). which contacts a rotation shaft (32). disposed between a 
housing (31) and the rotation shaft (32). and a seal member (5) of rubber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and disposed on a fluid storing chamber (33) side to the seal element (E). comprisina 
a construcbon in which the lip end portion (13b) has a predetennined inclination angle (6) to an axis (L) of the rota- 
So7^? supporting metal (12). having a slope receiving face (A) forming the predetermined inclination 

angle (6) with the axis (L) of the rotation shaft (32). supports a back face of the lip end portion (13b) gradually 
decreasing in diameter to the fluid storing chancer (33) side. i ou, ajaauaiiy 

senoSS'to9B In^S* ^ ^ °' ^'"^ ^' fa««ness of the lip end portion (I3b) of rubber is 

4. The rotation shaft seal as set forth in daim 1 or claim 2. where in an R-shaped chamfer (20) is formed on an end 
corner portion of the slope receiving face (A) of the supporting metal (12). 

5. A rotation shaft seal provided with a seal element (E). which contacts a rotation shaft (32). disposed between a 
housirig (31) and the rotation shaft (32). and a seal member (5) of rubber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and disposed on a fluid storing chamber (33) side to the seal element (E) comDrislna 
a construction in which an inner peripheral face of the lip end portion (13b) is supported by the suppijrting metal 
I ^'.foKv IS ^^^^ ^"^^ *° ^ peripheral face of the lip end portion (1 3b). and the lip end por- 
tion (13b) B sandwiched and held by the supporting metal (12) and the reinforcing cover metal (21). 

6. A rotation shaft seal provided with a seal elemem (E). which contacts a rotation shaft (32). disposed between a 
housing (31) and the rotation shaft (32). and a seal member (5) of rubber having a lip end portion (13b) which con- 
tacts ttie ration shaft (32) and disposed on a fluid storing chamber (33) side to the seal element (E). comprisina 
a construction m which: * /. vw ^MKu,,y 

the lip end portion (13b) has a predetermined inclination angle (6) to an axis (L) of the rotation shaft (32); 
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a supporting metal (12), having a slope receiving face (A) forming the predetermined inclination angle (6) with 
the axis (L) of the rotation shaft (32), supports a part from an inner peripheral face of the lip end portion (13b), 
- . gradually decreasing in diameter to the fluid storing chamber (33) side, to a back face of a standing portion 
standing in a direction at right angles with the rotation shaft (32), through an inner peripheral face of a cylinder 
5 portion parallel to the rotation shaft (32); and 

a reinforcing cover metal (21), covering a part from a peripheral face of the lip end portion (13b) to a peripheral 
face of the cylinder portion, is uniformly attached to an inner brim portion (2) disposed in the standing portion 
of an outer case(1). 

10 7. A rotation shaft seal provided with a seal element (E), which contacts a rotation shaft (32), disposed between a 
housing (31) and the rotation shaft (32). and a seal member (5) of rubber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and disposed on a fluid storing chamber (33) side to the seal element (E). comprising 
a construction in which: 

75 the lip end portion (13b) has a predetermined inclination angle (6) to an axis (L) of the rotation shaft (32); 

a supporting nr^tal (12), having a slope receiving face (A) forming the predetermined inclination angle (6) with 
the axis (L) of the rotation shaft (32). supports a part from an inner peripheral face of the lip end portion (13b), 
gradually decreasing in diameter to the fluid storing chamber (33) side, to a back face of a starxiing portion 
standing in a direction at right angles with the rotation shaft (32), through an inner peripheral face of a cylinder 

20 portion parallel to the rotation shaft (32); and 

a reinforcing cover metal (21). covering a part from a peripheral face of the lip end portion (13b) to an outer 
face of the standing portion through a peripheral face of the cylinder portion is uniformly attached to the seal 
member (5) of rubber. 

25 8. A rotation shaft seal provided with a seal element (E), which contacts a rotation shaft (32), disposed between a 
housing (31) and the rotation shaft (32). and a seal member (5) of rubber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and disposed on a fluid storing chamber (33) side to the seal element (E). comprising 
a construction in which the seal member (5) of rubber elastically deforms in an axis (L) direction of the rotation shaft 
(32) accompanied with pressure increase of the fluid storing chamber (33). and the lip end portion (13b) is drawn 

30 in a parting direction from the rotation shaft (32). 

9. A rotation shaft seal provided with a seal element (E), which contacts a rotation shaft (32). disposed between a 
housing (31 ) and the rotation shaft (32), and a seal member (5) of rubber having a lip end portion (13b) which con- 
tacts the rotation shaft (32) and disposed on a fluid storing chamber (33) side to the seal element (E). comprising 
35 a construction in which a gap portion (S) is formed between the seal member (5) of rubber and a supporting metal 

(12) arranged as to support a back face of the seal member (5) of rubber, the seal member (5) of rubber elastically 
deforms as to get into the gap portion (S) accompanied with pressure increase of the fluid storing chamber (33), 
and the lip end portion (13b) is drawn in a parting direction from the rotation shaft (32). 

40 10. The rotation shaft seal as set forth in claim 9, wherein the lip end portion (13b) has a predetermined inclination 
angle (6) to an axis (L) of the rotation shaft (32), the supporting metal (12) has a slope receiving face (A) forming 
the predetermined inclination angle (6) with the axis (L) off the rotation shaft (32), and the slope receiving face (A) 
supports a back face of the lip end portion (13b) gradually decreasing in diameter to the fluid storing chamber (33) 
side. 

45 

11. The rotation shaft seal as set forth in claim 8. 9, or 10, wherein an R portion (18) is formed on a root of a lip portion 

(13) having the lip end portion (13b) on the fluid storing chamber (33) side as to reduce elastic deformation of tiie 
root of the lip portion (1 3) caused by pressure increase of the fluid storing chamber (33). 

50 12. A rotation shaft seal provided with a seal element (E). which contacts a rotation shaft (32), disposed between a 
housing (31) and the rotation shaft (32). and a lip end portion (1 3b), which contacts the rotation shaft (32). disposed 
on a fluid storing chamber (33) side to the seal element (32). comprising an end corner portion of the lip end portion 
(13b) which linearly contacts or slightly parts from the rotation shaft (32) without interference in an unpressurized 
state, and contacts tiie rotation shaft (32) in a pressurized state of the fluid storing chamber (33). 

55 ■ 

13. The rotation shaft seal as set forth in claim 12. wherein the tip end portion (13b) has a predetermined inclination 
angle (6) to an axis (L) off the rotation shaft (32). and a supporting metal (12). having a slope receiving face (A) 
forming the predetermined inclination angle (6) witii the axis (L) off the rotation shaft (32). supports a back face of 
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the lip end portion (I3b) graduaOy decreasing in diameter to the fluid storing chamber (33) side. 
The rotation shaft seal as set forth in daim 2. 6. 7. 10. or 13. wherein the predetermined inclination angle (6) is 10 

A rotation shaft seal provided with a seal portion (53) of ring to prevent fluid leakage along a peripheral face of a 
rotation shaft (32) by a sliding portion of the seal portion sliding on a peripheral face of the rotation shaft (32) com- 
prising an elastically-defbrmable gas shielding member (51) fitted to the seal portion (53) except the sliding pirtion. 

16. A rotation shaft seal provided with plural seal portions (53) of ring to prevent fluid leakage along a peripheral face 
Of a rotation shaft (32) by sliding portions of the seal portions (53) sliding on a peripheral face c3 *e rS!n s^ 
(32). comprising an elastically-deformable gas shielding member (51) fitted to at least one of the seal portions (53) 
except the siiaing portions. ^ ' 



1 7. A rotation shaft seal provided with a seal element (E). disposed between a housing (31) and ttie rotation shaft (32) 
Sr?? -^Kf °" ^ ^"^ ^ (5) of rubber having a lip end por- 
^h«mh!?.^r'i ^ f 7 °" ^« <32) and disposed on a fluid storing 

TJl f ^•^"^■"S « ^ Shielding member (51). which can deform elastical^ 

^ ?«f ^ *° ^1 °' ^ <5) of rubber as a seal portion (53). is fitted to the 

20 seal portion (53) except the sliding portions. v y. » lo me 

18. The rotation Shaft seal as set fbrtii in claim 16 or daim 17. wherein the gas shielding member (51) is disposed as 
to be sandwiched behiween the two neighboring seal portions (53). »hv»"u«is. 

^^^^^.^^ ^^tf ^ '""^^ °' "^^^'^ ^''^^'"9 ""^^ (51) is a melal plate 

composed as to support the seal portion (53). *^ 

^^IS'^ef^^^tSy^^ " member (51) is a shielding film 
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21 . The rotation shaft seal as set forth in daim 20. wherein the gas shielding mentfjer (51) is a metal film (60). 

^ SlelSg me^fr (7^. ^ *^ ""^"^ ^ " ^' ^' *e supporting metal (12) is a gas 
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Fig- 2A Fig. 2B 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 8 
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Fig. 1 1 
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Fig. 12A 




Fig. 12B 
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Fig. 13 
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Fig. 14A Fig. 14B 
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Fig. 16A 
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Fig. 17A 
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Fig. 18 




BNSCKXID: <EP_ 1004801A2_I_> 



34 



EP 1 004 801 A2 



Fig. 19 
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Fig. 23A 
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Fig. 24 
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Fig. 25A Fig. 25B 
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Fig. 27A 
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Fig. 28 
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Fig. 29 
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Fig. 30A 
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Fig. 33 
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Fig. 38 
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